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Abstract: The purpose of this study was to improve students' Mental Models and Mental
Modelling Ability in the context of electrical circuits by using the House Installation
Model as a laboratory learning instrument. The problem-solving-based laboratory
learning model was applied in this research. The research method utilized a descriptive
qualitative research design with a pretest-posttest design. The research results showed
that 75% of students experienced Mental Models improvement in the context of electrical
circuits, with 15% reaching level 2 and 60% reaching level 3. The improvement in Mental
Modelling Ability was also significant, with 80% of students experiencing improvement,
21.7% reaching a moderate level, and 58.7% reaching a high level of Mental Modelling
Ability. These results suggest that problem-solving-based practice learning models can

effectively improve students'
context of electrical circuits.

© 2023 The Authors. This open
access article is distributed under a

CC-BY License)
&)

Introduction

The motivation behind this research stems from the
observed deficiencies in the understanding of electrical
networks among students enrolled in the Basic Concept
of School Physics 1 Course (Anwar et al., 2023). Previous
research has highlighted a concerning trend wherein a
significant portion of students struggled to accurately
describe electrical networks in a household setting.
Supriyatman et al. (2017) conducted an analysis of
students' mental models in the context of electrical
circuits, revealing that only 17.2% reached level 1, 71.4%
atlevel 2, and a mere 11.4% at level 3. This indicates that
while students were familiar with series and parallel
concepts, they encountered difficulties applying them to
problem-solving scenarios (Azizah et al., 2022; Melawati
et al., 2022; Halim et al., 2021). Moreover, it was noted
that the supporting concepts for electrical circuits were
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introduced in the first semester during the Basic of
Physics 2 Course (Hidayat et al., 2023).

The findings from this analysis underscored a
crucial issue: a majority of prospective Physics teacher
students, particularly those in the Basic Concept of
School Physics 1 Course, struggled to solve problems
accurately (Dewi et al., 2023; Oxana et al., 2023; Hidayati
et al., 2020). This difficulty became more pronounced
when facing problems requiring additional knowledge
beyond what was taught in the course (Aulia et al, 2022;
Fajria et al., 2018). Despite having learned the necessary
concepts in earlier courses, students exhibited a partial
understanding, making it challenging for them to
integrate and apply these concepts coherently (Tanel &
Erol, 2008). Their shortcomings were evident in their
analytical, evaluative, constructive, and interpretative
abilities (Supriyatman, 2016; Tanel & Erol, 2008),
indicating a deficiency in both Mental Model (MM) and
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Mental Modeling Ability (MMA) (Batlolona, et al., 2020;
Kurnaz & Eksi, 2015).

Scientists, as problem solvers, play a crucial role in
advancing knowledge and addressing real-world
challenges. Korsunsky (2004) emphasized the essence of
Physics learning as the development of students'
problem-solving capabilities. However, the existing
learning approaches have fallen short in effectively
equipping students with these skills (Nadrah, 2023).
Consequently, there is a pressing need to enhance
learning strategies that foster the development and
application of mental models in problem-solving
processes (Hamdiyati et al., 2022).

In light of the identified challenges, the research
question emerged: Can an experimental problem-
solving-based learning model effectively address and
improve students' mental models and mental modeling
abilities? Therefore, the objective of this research is to
investigate whether an experimental problem-solving-
based learning model, utilizing house installation media
in the context of electrical series materials, can rectify
students' mental models and enhance their mental
modeling abilities, specifically focusing on prospective
Physics Teacher students.

Method

The type of this research is a descriptive qualitative
research. This research used a pretest-posttest design
with research stages covered preparation, treatment,
and report. The course process was conducted by using
laboratory learning of problem solving experimental
model based on media of house installation. The
laboratory learning implementation was guided by
using LKM consisted of 3 modules such as series-parallel
combination, application 1 of switch and lamp
combination, and application 2 of switch and lamp
combination.

The course participants were 41 students and only
20 students were willing to become respondents of this
research. These 20 students were batch 2016 who
programmed Basic Concept of School Physics 2 Course
at even semester in 2018 consisted of 6 males and 14
females. All respondents had completed Basic Physics 1
and Basic Physics 2 Courses. The learning activities were
conducted in Physics laboratory of Faculty of Teacher
Training and Educational Science Tadulako University
for 4 meetings.
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Figure 1. Learning Process. a) Practice Equipments, b)
Practice Activities, and c) Presentation Activity.

Problem solving test. This test was used to

determine the mental model and category/model of
problem solving owned by the students. This test had
the students write all thought in working on problem
solving in a piece of paper until their thought pattern
will be captured and described in finding the answer
from the problem being faced. The interview guideline
used to complete the data of the test result on problem
solving was clarification. The interview was conducted
on some subjects which represented each category of
mental model or problem solving.
Model Mental data were obtained from analysis result of
test answer on problem solving obtained at answer sheet
of each student. The analysis was conducted by using
MM rubric. MMA data were obtained from the analysis
result of test answer on problem solving obtained at the
answer sheet of each student. The analysis was
conducted by using MMA Rubric that referred to
categorization conducted (Supriyatman, 2016) the result
of his categorization (Wang, 2007). MMA categorization
can be seen in table 1, where X is the score obtained from
problem solver.

Table 1. Categorization of mental modeling ability

MMA Categorization Score
High-MMA (H-MMA) 7<x210
Moderate-MMA (M-MMA) 3<x27
Low-MMA (L-MMA 0<x<3
Qualitative  data analysis was conducted

considering the profile of mental model and MMA
which is abstract and needs deep analysis through test
and also interview. This analysis was conducted in three
stages, such as: Data reduction is the process of selecting,
centralizing attention on simplification and choosing
things obtained from test delivery, and interview. In
analyzing Mental Model (MM), attention centralization
was conducted based on the criteria which appeared in
the process of solving the problem. While MMA
analysis, based on the scores in the criteria which appear
in the result of problem solving.
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Problem
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Figure 2. Research flow laboratory learning of problem
solving experimental model based on media of house
installation

Figure 2 shows the flow of the research. Data
presentation is done by collecting information obtained
from the results of data reduction in the form of tables,
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to provide the possibility of drawing conclusions and
taking action. The data that has been presented is then
interpreted and evaluated to make decisions. Decision
making regarding the mental level model and the MMA
category of students based on the results of data
presentation.

Result and Discussion

Data of MM and MMA were collected during the
learning process following the phases of problem
solving learning model experimental based. The data
then were analyzed in two categories, such as mental
model (MM) and Mental Modeling Ability (MMA)
improvement.

The Profile of Students” Mental Model Improvement

MM data were obtained through problem solving
test consisted of 3 number of essay questions. This test
was conducted in the beginning and at the end of the
learning process. To know the process of MM
improvement on each respondent by using MM rubric
that had been made. In short, students” MM profiles are
showed in Table 2. Table 2 shows that students with
mental model level 1 is easier to be improved by using
problem solving learning model practice based
compared to students who are at mental model category
level 2.

Table 2. Distribution of MM student improvement in each context

Level MM
Context Post Test
Pre-Test NC Levell Level 2 Level 3 Amount
NC 0 0 0 0 0 0
R1, R3, R4,
R6, R10
R1, R2, R3, R4, R6, R10, R12, R13 ! ’
Level 1 A ! ! ! 0 R19 R2, R13, R18 R12, R14, 14
1 R14, R15, R17, R18, R19, R20 R15, R17,
R20
Level 2 R9, R11, R16 0 0 R9 R11, R16 3
Level 3 R5, R7, R8 0 0 0 R5,R7, R8 3
Amount 0 1 4 15 20
NC 0 0 0 0 0 0
Level 1 R1, R9, R12, R13, R15 0 0 R13, R15 R1, R9, R12 5
’ Level 2 R2, R3, R4, R5, R6, R7, R8, R10, 0 0 R3, R8, R14, R16, Rlzz’RI;ALi{lig’ 15
R11, R14, R16, R17, R18, R19, R20 R17,R18, R20 Y !
R11, R19
Level 3 0 0 0 0 0 0
Amount 20 0 0 9 11 20
NC 0 0 0 0 0 0
R1, R6, R7, R9, R12, R13, R15, R16, R6, R7, R13,
Level 1 R18 0 R9 R1, R12, R18 R15, R16 9
3 R2, R3, R4, R5, R8, R10, R11, R14, R2,R3,R8,R14, R4, R5,R10,
Level 2 R17, R19, R20 R17 R20 R11, R19 H
Level 3 0 0 0 0 0
Amount 0 0 2 8 10 20
Average improvement 3 (15%) 12 (60%) 15(75%)
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The Profile of Mental Modeling Ability (MMA) Improvement

MMA dtaa were obtained from the test of problem
solving conducted in the beginning and at the end of
learning process. To know the process of MMA
improvement in each respondent, then analysis was
conducted towards the result of the initial test and the
final test of each respondent by using MMA rubric. In
short, the analysis result of students” MMA is showed in
Table 3.

Table 3 shows that the initial test for context
number 1, students’ MMA is at NC category with total 1
person (5%), L-MMA category in the amount of (60%),
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M-MMA category in the amount of 5 people (25%), and
H-MMA category in the amount of 2 people (10%). In
context number 2, students” MMA is at NC category
with total 1 person (5%), L-MMA category in the amount
of 12 people (60%), and M-MMA category in the amount
of 7 people (35%). While in context number 3, students’
MMA is at NC category with total 2 people (10%), L-
MMA category in the amount of 9 people (45%), M-
MMA category in the amount of 8 people (40%), and H-
MMA category in the amount of 1 person (5%).

Table 3. Distribution of student MMA improvement in each context

Category MMA
Context PreTest - Post Test Amount
NC MMA M-MMA  H-MMA
NC R17 0 0 0 R17 1
R1, R2, R3, R4, R6, R10, R12, R13, R14, R1,R2, R3, R4, R6, R10,
1 L-MMA R13, R14, R15, R18, R20 0 0 R18 R12, R15, R20 12
M-MMA  R7,R8,R9,R16, R19 0 R19 R9 R7,R8, R16 5
H-MMA  R5,R11 0 0 0 R5, R11 2
Amount 20 0 1 4 15 20
NC R9 0 0 R9 0 1
R1,R2,R3, R4, R5,R6, R10, R14, R1, R16, R2,R3,R4,R5, R6, R10,
L-MMA R15,R16, R17, R18 0 0 R17,R18 R14, R15, 12
M-MMA  R7,R8,R11,R12,R13,R19,R20 0 0 Iég'o R19, R7,R11, R12, R13 7
2 H-MMA 0 0 0 0 0 0
Amount 0 0 0 8 12 20
NC R6, R9 0 R9 0 R6 2
R2, R3,
L-MMA R1, R2, R3, R5, R12, R13, R15, 0 R1,R12, R13, R15, R5,R16 9
R16, R18 R18
3
R4, R7, R8, R10, R11, R17, R19, R8, R17
M-MMA R20 0 0 R19, R20 R4, R7,R10, R11, 8
H-MMA  R14 0 0 0 R14 1
Amount 20 0 3 9 8 20
Average increase of MMA 1 E}é?i 7%) 11,7 (58,3%) 16 (80,0%)

The analysis result of final test obtained for context
number 1, students” MMA is at NC category with total
0 person (0%), L-MMA category in the amount of 1
person (5%), M-MMA category in the amount of 4
people (20%), and H-MMA category in the amount of 15
people (75%). In context number 2, students” MMA are
at NC category in the amount of 0 person (0%), L-MMA
category in the amount of 0 person (0%), M-MMA
category in the amount of 8 people (40%), and H-MMA
category in the amount of 12 people (60%). While in the

context number 3, students” MMA are at NC category
with total 0 person (0%), L-MMA category in the amount
of 3 people (15%), M-MMA category in the amount of 9
people (45%), and H-MMA category in the amount of 8
people (40%).

Table 3 also shows that after following problem
solving learning model practice based, the students
experienced MMA improvement. In the context number
1, students” MMA improvement is at NC category (1

person) to H-MMA category. Students from L-MMA
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category are in the amount of 12 people (60%) experience
improvement to be M-MMA category in the amount of
3 people (15%) and becomes H-MMA category in the
amount of 9 people (45%). The students from M-MMA
category are in the amount of 5 people (25%) experience
improvement to be H-MMA in the amount of 3 people
(15%), 1 person (5%) experience decrease to be L-MMA
category, and 1 person (5%) stays at M-MMA category.
While the students with H-MMA category in the amount
of 2 people (10%) stay in this category.

In the context number 2, students’ MMA
improvement from NC category (1 person) to M-MMA
category. Students from L-MMA category in the amount
of 12 people (60%) experience improvement to be M-
MMA category in the amount of 4 people (20%) and
become H-MMA category in the amount of 8 people
(40%). The students from M-MMA category in the
amount of 7 people (35%) experience improvement to be
H-MMA in the amount of 4 people (20%) and 3 people
(15%) stay in M-MMA category. While in context
number 3, students’ MMA improvement from NC
category (2 people) become M-MMA category and H-
MMA category. The students from L-MMA category in
the amount of 9 people (45%) experience improvement
to be M-MMA category in the amount of 5 people (25%),
become H-MMA category in the amount of 2 people
(10%), and 2 people (10%) stay in L-MMA category. The
students from M-MMA category in the amount of 8
people (40%) experience improvement to be H-MMA
category in the amount of 4 people (20%), and 4 people
(20%) stay in M-MMA category. While students with H-
MMA category in the amount of 1 person (5%) stays in
this category.

The learning strategy used in this research was
Problem Solving Learning Model Experimental Based
that is developed by Supriyatman, et al (2018). The
syntax of this model in the learning implementation are
as follows: Phase 1, The students are guided to review
the prior knowledge owned related to the concept that
will be used in problem solving. This phase is the initial
stage of forming students’” mental model (Dewi et al,
2023; Bhalwankar & Treur, 2021; Barry & Lazarte, 1998).
Phase 2, the students were individually trained to make
mental model based on the context of the problem given
as the riddle of the previous step (Haili, 2021; Rayanto,
2020). The initial construction of mental model process
is built in the form of mind mapping in their brain (min)
as a process of finding the concepts, knowledge, and
suitable experience to the problem that they are working
on (Sari et al, 2019; Bucciarelli 2007; Sunyono &
Ibrahim, 2015). Phase 3, the students are trained in group
to reveal the relationship betweed concept and the prior
knowledge related to the riddle (the problem) faced
(Batlolona et al., 2020). In this phase, each student is
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expected to reveal the mental model kept in their own
brain (mind mapping) related to the problem faced and
then discuss it. Until the suitable model is obtained to
solve the problem and plan the experiment (Aulia et al,,
2022; Sutarno et al., 2017; Vosniadou, 2009). Phase 4, the
students are trained to prove the truth of the model that
has been agreed in group through experimental
activities. This activity indirectly trained the students to
conduct MMA high indicator. Phase 5, the students are
trained to express the process of problem solving in front
of the class in group. The students are challenged to
transform the model that has been build in group into
other explanations such as table, graph, and pictures that
are also the indicators of high MMA. Phase 6, is the
reinforcement and follow up of the learning process
filled with the explanation of mind mapping related to
the problem context displayed in constructing mental
model, and giving isomorphic test related to the
problem which function to train and develop the ability
of mental model construction and prospective teachers’
MMA, and giving the preliminary assignment (pre-
explanation) for the next meeting.

MM repair and MMA improvement as explained
above are in line with the research (Supriyatman, 2016).
This condition also shows that experimental learning
problem solving based can improve the ability of
prospective Physics teacher students in solving the
problem (Kawuwung & Mamahit, 2023; Hendriana et
al., 2018). This ability is marked by the presence of
students’ strategy in analyzing the problem, working on
the solution, until monitoring the process of solving the
problem. These strategies are the parts of MMA category
assessment aspect.

Conclusion

The practice media of house installation model and
experiment learning model problem solving based can
fix mental model and improve mental modeling ability
of the students of prospective Physics teacher at
Electrical Series Concept. This ability is marked with the
change of students” strategy in analyzing the problem,
working on the solution, until monitoring the process of
problem solving. The recommendation based the results
of this research is that it is necessary to develop
experiment learning problem solving based in
improving the ability of Prospective Physics Teacher
students in other concepts. This learning beside can
access the conception and ability of problem solving,
also can be used to evaluate process of course learning.
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